Two commercially available agar slide blood culture systems, Septi-Chek (Roche Diagnostics, Div. Hoffmann-La Roche Inc., Nutley, N.J.) and VACUTAINER agar slant (Becton Dickinson [BD] Vacutainer Systems, Rutherford, N.J.), were compared in 5,628 paired blood cultures from adult patients. The systems were inoculated with equal volumes (5 ml) of blood. There was no statistically significant difference between the two systems in the overall recovery of clinically important microorganisms; however, significantly more Escherichia coli (P < 0.05) organisms were detected in the Septi-Chek system. Concurrently, significantly more contaminants (P < 0.001) also were present in Septi-Chek bottles. When microorganisms grew in both systems, there was no significant difference in the time to recovery of important organisms, except that anaerobes were detected more quickly in the BD system. This study suggests that the BD VACUTAINER agar slant is an acceptable alternative to the Septi-Chek system for routine blood cultures.
The Septi-Chek agar slide system has been shown to detect more microorganisms associated with sepsis than conventional broth cultures (2, 3, 5, 11, 12) and a similar number of microorganisms as the BACTEC radiometric system (10) . Recently, Becton Dickinson introduced a similar agar slide system. We conducted the present study to compare the performance of this new agar slide (BD) with the Roche Septi-Chek (RSC) system when equal volumes of blood from adult patients are inoculated into each bottle.
MATERIALS AND METHODS
Collection of samples. During the study period, a 70-ml bottle of tryptic soy broth with 0.05% sodium polyanetholesulfonate (SPS) (RSC; Roche Diagnostics, Div. HoffmannLa Roche Inc., Nutley, N.J.) and a 45-ml bottle of tryptic soy broth with 0.05% SPS (BD; Becton Dickinson Vacutainer Systems, Rutherford, N.J.) were used for all blood cultures from adult patients at the University of Colorado Hospital, Denver, and the Veterans Administration Medical Center, Salt Lake City, Utah. Hospital staff and medical students obtained the blood samples at the bedsides of the patients after preparation of the skin with a 10% povidoneiodine solution (1% available iodine) and isopropyl alcohol. Blood from each separate venipuncture was distributed by needle and syringe as follows: 5 ml of blood to one bottle each of RSC (70 ml) and BD (45 ml). Thus, the volume of blood inoculated into each bottle was the same for all bottles, although the ratio of blood to broth was not (RSC, 1:15; BD, 1:10).
Volume standards. To ensure that the culture bottles actually received the specified amounts of blood, we measured the level of fluid in each container after it was filled * Corresponding author. with blood. Although all blood-containing bottles were incubated, those with fluid levels below the standards were coded as inadequate and were excluded from subsequent analyses. Fluid level standards were set to ensure that at least 4 ml of blood was added to each bottle.
Processing of samples. Similar methods were used for processing the blood cultures in the clinical microbiology laboratories at both hospitals. All bottles were incubated at 35°C. Both RSC and BD bottles were examined macroscopically twice daily on days 1 and 2 of incubation and once daily thereafter through day 7. On receipt of the samples in the laboratory, an agar chamber was attached to each RSC and BD bottle. The chamber of the RSC is a clear plastic cylinder with a removable slide coated with chocolate, MacConkey, and malt agars. The chamber of the BD is a four-sided unit, one side of which is coated with supplemented tryptic soy agar; the agar surface of the BD can not be removed from the chamber. An immediate subculture was done by inverting the bottle and allowing the blood-broth mixture to cover the agar surface. Repeat subcultures were done after 4 to 12 h of incubation and after each macroscopic examination if that examination was negative. If a culture was positive macroscopicaily in the broth but no growth was evident on the agar surface, the slide chamber was removed, and a subculture and Gram stain were done directly from the broth. If growth on the agar surface was noted at the same time that the broth became positive macroscopically, the initial mode of detection was considered to be growth on agar, i.e., subculture. Further evaluation of positive agar surfaces involved removing the agar slide from the RSC chamber or unscrewing the top of the BD chamber to work with colonies on the agar inside the chamber.
Clinical assessment. All patients with positive blood cultures were evaluated by an infectious diseases specialist who defined pathogens (clinically important microorganisms causing sepsis) and contaminants by established criteria (13) .
Datum analysis. Paired comparisons of RSC and BD were 2638 REIMER ET AL. done only with adequately filled (.4 ml of blood) bottles that grew microorganisms causing true bacteremia or fungemia. Significance testing was done with the modified chi-square test described by McNemar (4).
RESULTS
Of the 5,628 adequate blood culture comparisons, 629 (11%) were positive, including 457 (8%) that grew microorganisms causing illness, 124 (2%) that grew contaminants, 6 that grew at least one pathogen and one contaminant, 5 that grew at least one pathogen and one organism that could not be categorized, and 37 that grew organisms that could not be categorized clinically.
A total of 519 isolates of bacteria and yeasts associated with sepsis were detected; 373 grew in both systems, and 290 of these were detected on the same day. A total of 456 (88%) grew in RSC, and 436 (84%) grew in BD. Escherichia coli and all of the members of the family Enterobacteriaceae combined were found significantly more often in RSC (P < 0.05). Overall, however, the recovery of organisms was similar for the two systems (Table 1) . Significantly more contaminants grew in RSC bottles than in BD bottles (P < 0.001).
When microorganisms grew in both media, they grew at about the same time (Table 2) . Overall, 40 isolates appeared 1 or more days earlier in RSC and 43 grew earlier in BD.
DISCUSSION
In this study the BD and RSC systems were equally effective in the overall recovery of microorganisms associ- ated with sepsis. The two systems are quite similar in principle and can be expected to have similar capabilities. They are not identical, however, and two differences were found in this evaluation. First, the RSC does appear to have an advantage in the detection of members of the family Enterobacteriaceae. We do not have an obvious explanation for this difference. We used tryptic soy broth in both systems; thus, the medium used is not an obvious explanation, although similar media from different manufacturers do not necessarily perform the same. The ratio of blood to broth was different (RSC, 1:15; BD, 1:10) and could account for differences in recovery (1, 6) . In a previous comparison of the RSC with BACTEC 6B and 7D, with similar differences in the ratio of blood to broth (RSC, 1:15; BACTEC, 1:7), the RSC was also significantly more likely to grow Enterobacteriaceae than was the BAC-TEC system (10) . These different ratios result in different relative concentrations of SPS and blood in the two systems. Since SPS is known to bind complement and other serum factors (9) , the difference in recovery may relate to different degrees of inactivation of these factors and different rates of recovery of organisms, like E. coli, that are serum sensitive. Finally, the agar medium in the BD system, tryptic soy agar, differed from the three agar media in the RSC system, chocolate, MacConkey, and malt agars. The effect of these media in a broth environment is unclear.
Second, RSC was significantly more likely to be contaminated (P < 0.001). A difference between the RSC and BD systems is that the RSC agar is on a paddle that can be removed from its chamber for ease of examination and subculturing, resulting in exposure to outside air, while the BD agar is coated on one of the walls of the chamber and cannot be removed. Additionally, the RSC has a wider mouth than does the BD (approximately 2.5 versus 1.5 cm in diameter), allowing faster transfer of broth to the agar surface, but is also more open to air, allowing easier entry of contaminants into the system at the time of initial placement of the agar chamber. In a previous study comparing RSC with the BACTEC system, we found that RSC bottles were also more likely to be contaminated than were BACTEC bottles (10) . Perhaps working with these systems in a closed hood would reduce some of the contamination problems.
Both the RSC and BD systems are convenient to work with in the laboratory. Subcultures are generally automatic within the system, allowing for identification and susceptibility procedures without the need for extra agar plates. The RSC incorporates three different agar media into its paddle, with the theoretical possibility of more rapid preliminary organism identification. In practice we did not feel that the individual media performed well enough to make such identifications substantially easier than with the single medium available in the BD product.
Previous studies have suggested that the RSC is inadequate for the recovery of anaerobic organisms and should be supplemented with an unvented bottle (3, 11, 12) . There were too few anaerobic isolates identified in this comparison to detect any differences in the performances of RSC and BD for the yield of these organisms; however, the speed of recovery of anaerobes was faster in BD. During this study our laboratories also inoculated BACTEC 6B and 7D bottles with all culture collections. Only 2 of 20 anaerobes recovered from all bottles inoculated were not found in BD, while 6 were not found in RSC. The number of fungal isolates was also too few to show changes in yield or speed during this study, although the trend was in favor of the RSC.
In summary, both blood culture systems in this comparison performed well in the overall recovery of microorganisms. The advantage of the RSC system was greater recovery of enteric gram-negative bacilli. The advantage of the BD system was the growth of fewer contaminants, reducing unnecessary technologist time in the laboratory, and faster recovery of anaerobic bacteria. An additional labor-saving advantage of the BD system is the potential for the directdraw features of the VACUTAINER system. Either one of these systems is capable of performing well in clinical laboratories, but previous recommendations to include an unvented bottle for the detection of anaerobic organisms and to collect at least 20 ml of blood per culture specimen (7, 8) should stiil be followed.
